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ABSTRACT 


The  four  body  final  state  -*■  p7r'*^-rr  it  ^ has  been 

analyzed  at  incident  beam  momentum^of  15  deV/c. 


Ol'he  data  are  taken  from  460,000  photographs  of  the 
SLAC  8 2 -inch  Hydrogen  Bubble  Chamber.  All  events  were  measured 
by  the  M.I.T.  PEPR  (Precision  Encoding  and  Pattern  Recognition) 
system,  and  processed  through  the  CERBERUSjGEOMAT- SQUAW  chain. 

. /'  ^ + 1.  ■-  ( 

The  four  body  final  state  ir^p  Ptt^tTjTTj  is  analyzed  by 
means  of  the  Prism  Plot  technique.  Cross  sections,  invariant 
mass  spectra  and  angular  distributions  for  all  channels  con- 
tributing to  the  final  state  are  presented.  The  dominant 
channels  are  found  to  be  the  diffraction  dissociation  of  the 
beam  and  nucleon.  A new,  broa^  three  pion  enhancement,  first 
reported  by  other  groups  -t^-r^f^is  clearly  seen  in  the  data 
with  a cross  section  of  132  + 56  Its  mass  distribution 

centers  about  1.7  GeV/c^,  and  xt/^cays  through  the  p^ir”  mode. 
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I , INTRODUCTION 

The  year  1975  marked  the  completion  of  the  data  re- 
duction stage  of  a 15  GeV/c  it  p experiment  for  the  Accelerator 
Physics  Collaboration  (APC)  group  centered  at  M.I.T.  The 
initial  study  of  the  data  [1]  was  the  prism  plot  analysis 
(PPA)  of  the  reactions : 


7T  p ^ PTT  IT 

— 4. 

7T  p ^ HTT  TT 

For  a subsequent  study,  the  four  prong  four  constraint 
reaction  71  p ^ Pti'''it  it  appeared  to  be  the  natural  choice, 
particularly  since  it  is  so  amenable  to  prism  plot  analysis. 
This  selection  became  particularly  interesting  in  1976  when  the- 
Aachen-Berlin-Bonn-Cracow-Heidelb(’:rg“Warsaw  consortium  re- 
ported on  the  indication  of  a new,  broad,  three  pion  enhance- 
ment at  1800  MeV  which  they  labelled  as  the  A*  [2,3].  Their 

conclusions  were  based  on  two  experiments.  The  first  was  a 

^ 

study  of  the  reaction  tt  p ->■  prr  tt  tt  at  16  GeV/c  incident 
momentum.  The  enhancement  peaked  at  1800  MeV  with  an  approxi- 
mate width  of  580  MeV  and  a cross  seel  ion  of  93  + 12  ub  [2]. 

The  second  report  was  based  on  the  reaction  ii"*p  ->■  pii*^Ti~7T~  at 
16  GeV/c.  The  A'  found  in  that  experiment  centered  about 
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2000  MeV,  peaked  at  1800  MeV,  and  had  a width  of  about  1 GeV. 
In  both  experiments,  the  A'  was  found  to  decay  into  pir.  The 
reports  were  based  on  a prism  plot  analysis  of  the  data. 

The  primary  purpose  of  this  work  was  to  conduct  a prism 
plot  analysis  of  the  reaction  -~p  -*■  ptt^tt'tt”  at  15  GeV/c  and  to 
confirm  or  deny  the  possible  existence  of  this  new  three  pion 
enhancement . 

Section  II  reviews  the  origin  and  reduction  of  the 
data.  It  is  augmented  by  Appendix  I which  discusses  the 
problems  involved  during  the  processing  of  the  data. 

Section  III  presents  the  effects  of  overlap  between 
reaction  channels  in  the  prism  plot  technique.  It  discusses 
an  overlap  matrix  which  can  be  used  to  estimate  the  importance 
of  overlap  to  a particular  channel. 

Appendix  II  elaborates  more  fully  on  the  PPA  with 
respect  to  the  variables,  procedures,  and  parametrizations 
used.  This  is  done  not  only  for  the  reader  who  wishes  to 
evaluate  the  technique  in  deptii,  but  also  for  the  experimen- 
talist who  desires  to  duplicate  any  or  all  parts  of  the 
analysis . 

Section  IV  gives  the  final  cross  sections  found  for 
the  various  channels.  The  overall  cross  section  for  the 
reaction  tt  p ->■  p.r^ir  ir  is  1.02  f .03  ml),  giving  0.165  + 

.005  ub  per  event  or  6.06  + .18  event  s/iib. 

Section  V presents  the  various  distributions  found  for 
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the  channels  considered.  The  results  are  purer  than  those 
obtained  by  other  means  of  separation  (e.g.  longitudinal 
phase  space  techniques) . This  can  be  seen  from  the  cleanli- 
ness of  the  distributions. 

Section  VI  presents  a detailed  analysis  of  the  so- 
called  A'  enhancement.  The  results  of  this  experiment  confirm 
the  existence  of  this  enhancement,  which,  at  this  stage  of 
the  analysis,  is  found  {when  fit  to  a gaussian  curve)  to  have 
a central  value  of  1728  + 16  MeV,  a width  of  830  + 24  MeV, 
and  a cross  section  of  132  +56  yb.  These  results  are  in 
agreement  with  the  aforementioned  reports. 
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II.  DATA 

The  data  for  this  experiment  consists  of  460,000 
pictures  taken  at  the  SLAC  82 -inch  hydrogen  bubble  chamber 
with  an  incident  it”  beam  of  15  GeV/c  momentum.  For  technical 
reasons,  the  data  was  taken  in  two  separate  runs  and  listed 
in  APC  documentation  as  Experiments  7 and  13.  The  two  experi- 
ments were  treated  separately  in  the  data  reduction  stage,  but 
combined  for  final  analysis. 

Figure  1 shows  the  beam  layout.  Figure  2 depicts  a 
schematic  of  the  chamber.  A detailed  description  of  the  data 
collection  and  redaction  r:\ay  be  found  in  11]  . Figure  3 shows 
a schematic  of  the  data  processing  chain  while  Table  1 gives 
the  approximate  time  schedule  for  the  experiments.  Referring 
to  the  schematic  will  aid  in  understanding  the  processing  of 
events  in  this  experim.ent , as  described  below; 

The  film  (three  views  per  bubble  chaTnber  expansion)  is 
initially  scanned  by  an  individual  using  an  image  plane 
digitizer  (IPD) . The  scanner  may  reject  an  event  for  any 
of  the  following  reasons: 

(1)  The  event  is  not  within  a fixed  area  of  the  film 
(which  CO  iverts  into  a fiducial  volume  in  three  dimensions) . 
This  ens  ires  that  all  tracks  are  long  enough  for  adequate 
identification  and  measurement. 


(2)  The  picture  is  of  poor  quality.  This  eliminates 
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events  with  more  than  12  incoming  beam  tracks , with  tracks 
too  faint  for  measurement  or  with  gross  visible  distortions. 

(3)  The  event  is  too  difficult  to  be  measured  by  PEPR 
(an  acronym  explained  below) . This  excludes  events  with  out- 
going tracks  less  than  3 mm  long  or  within  1.5  mm  of  each 
other  in  the  chamber.  This  rejection  is  biased  against  events 
with  low  jtj  (the  four-momentum  transfer  between  the  target 
and  the  outgoing  proton) , high  multiplicity  or  closely 
correlated  tracks.  This  is  characteristic  of  beam  diffraction 
and  is  a point  that  will  be  referred  to  later. 

Any  event  not  rejected  is  digitized  by  coding  the 
location  on  the  film  of  the  primary  and  secondary  vertices, 
outgoing  tracks  and  an  ionization  reference  track  which  may 
or  may  not  be  the  incoming  beam.  This  information  is  recorded 
on  magnetic  tape  via  an  online  PDP  8. 

The  IPD  tape  is  processed  through  a program  called 
PREP  which  converts  the  film  coordinates  into  PEPR’s  input 
format.  PEPR  stands  for  Precision  Encoding  and  Pattern 
Recognition.  It  is  a semi-automatic  device  designed  by 
Prof.  I. A.  Pless  and  documented  in  [4].  Briefly,  PEPR  scans 
the  film  using  a cathode  ray  tube  and  records  the  precision 
measurements  on  tape. 

A program  entitled  CERPErJlS  coitiljines  the  shill 
separated  (by  film  views)  precision  n.casured  events  into  one 
convenient  tape  record.  Geometric  reconstruction  of  the  tracks 


11 


in  space  is  performed  by  GEO.MAT,  while  kinematic  fitting  is 
done  by  SQUAW.  SQUAW  attempts  fits  to  the  following  hypotheses 
for  four  prong  events: 


HYPOTHESIS 

— + — — 

IT  p > piT  IT  TT 

+ - - 0 

TT  p pn  TT  IT  n 

— — 

IT  p ->  pir  TT  Ti  mm 

— + + — — 

IT  p ->■  niT  TT  'IT  TT 

— + + — — 

TT  p •>  TT  TT  TT  TT  mm 

TT  p pk’^^k  TT 


CONSTRAINTS 

4 

1 

0 

1 

0 

4 


Finally,  the  events  are  run  through  ARROW,  which  creates 

the  Data  Summary  Tape  (DST) , by  selecting  the  most  highly 

constrained  successful  SQUAW  fits.  Tests  are  imposed  on  the 

proton  and  the  tt  when  ambiguities  arise.  An  ambiguous  event 

is  an  event  which  has  more  than  one  successful  hypothesis  of 

the  same  constraint  class.  In  the  reaction  tt  p ->•  pTr'''TT  tt  , an 

ambiguity  rriay  occur  if  a successful  fit  is  obtained  when  the 

roles  of  the  proton  and  the  tt  are  reversed.  At  low  momentum 

(less  than  1.0  GeV/c)  protons  and  pions  are  distinguishable 

on  the  basis  of  the  ionization  information  included  in  the 

data.  At  higher  momenta,  resolution  of  the  aiirbiguity  by  other 

iTteans  is  necessary.  In  this  experiment  , the  ambiguities  v7ero 

2 

resolved  by  selecting  the  event  with  1 lie  least  y . 
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III.-  THE  PRISM  PLOT 

Prism  Plot  Analysis  (PPA)  is  an  iterative  process  in 
which  Monte  Carlo  events,  created  to  kinematically  reproduce 
the  results  of  the  previous  iteration,  are  compared  to  actual 
data.  It  has  been  described  in  detail  in  [1,5, 6, 7],  The 
theory,  as  well  as  the  parametrization  used,  is  summarized 
in  Appendix  II.  This  section  discusses  overlap  betv;een 
channels . 

The  overlap  region  for  two  reaction  channels  is  that 
volume  of  phase  space  kinematically  shared  by  events  in  both 
channels.  It  is  events  of  this  type  which  PPA  has  difficulty 
separating.  By  studying  the  degree  of  overlap  between  the 
reaction  channels  one  may  estimate  the  purity  of  separation. 

A matrix  has  been  derived  to  evaluate  the  significance  of 
overlap  regions  [21.  Appendix  III  def-ines  and  summarizes  the 
meaning  of  the  matrix  while  Table  2 reproduces  the  numerical 
results  for  the  reaction  channels  in  the  present  analysis. 

From  the  table,  \je  see  that  the  percentage  of  overlap 
varies  between  1%  and  47?..  Hov/ever,  a high  degree  of  overlap 

is  expected  bet'ween  certain  channels.  For  example,  the 

+ + ~ f — 

diffraction  dissociation  of  the  proton  into  (A  tt  ) or  (pr  n ) 
is  impossible  to  separate.  This  is  obvious  not  only  from  the 
values  of  the  overlap  matrix  (47?  and  44?)  but  also  from 
observation  of  the  mass  distrib”t  ioris  of  the  (pii^)  for  these 
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channels.  The  strong  A signal  coexisting  with  the  threshold 
kinematic  limits  of  the  (ptt^)  makes  the  two  channels  indis- 
tinguishable and  suggests  combining  the  results  for  both 
channels.  This  has  been  done  and  the  combined  channel  will 
be  referred  to  as  ti  p (A''"*’-n  ) . 

The  A-,  and  P^2  display  a high  degree  of  overlap 

(36%  and  44%)  . Coupled  with  the  results  of  a partial  wave 
analysis  [8] , which  showed  that  there  is  a strong  interference 
effect  between  the  two  states,  the  observations  suggested 
combining  the  results  of  the  and  A2 . It  is  felt  that  the 
A^  which  decays  through  a (f^Tr  ) mode  is  still  pure  enough 
to  discuss  separately.  The  A'  also  displays  a high  degree  of 
overlap  with  the  A^  and  A2 ; this  is  probably  not  due  to 
true  overlap,  bat  rather  to  the  parametrization  of  the  A' 
which  resulted  in  too  many  events  being  weighted  as  the  A'. 

The  cross  section  for  the  A'  of  132  + 56  yb,  which  is  sur- 
prisingly high  for  an  enhancement  only  recently  discovered, 
adds  credence  to  this  conjecture.  PPA  would  be  more  accurate 
if  the  shape  of  the  A'  'ware  known  and  fixed  in  the  prism  plot 
program  [see  Appendix  III]  . If  the  entire  A sample  of  events 
(A^  A2  A^  A')  were  used  as  input  into  another  analysis  (e.g. 
partial  wave  analysis)  more  accurate  results  should  be  expected. 
This  suggestion  implies  that  the  tota'J  A sample  is  well 
separated  from  other  channels  and  thcefore  is  reasonably  pure. 
This  hypothesis  can  be  tested.  \'}e  can  group  the  various 
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reaction  channels  according  to  vertex  mechanisms; 

proton  diffraction  Reggeon  exchange 

IT  P ■>  (A  IT  )QQTr  7T  p ->  A IT  TT 

.0  0 

-i-  A p 

-*■  (pit”)  f ® 

Table  3 reproduces  the  values  of  the  overlap  matrix 
for  these  three  groupings.  The  two  diffractive  processes  are 
extremely  well  separated  from  each  other,  while  the  Fteggeon 
exchange  events  have  a 15%  overlap  with  those  of  the  other 
two  processes.  This  result,  while  non-negligible , is  felt 
to  be  within  acceptable  limits. 

An  interesting  aspect  of  the  overlap  matrix  is  that  it 
gives  one  an  upper  limit  on  the  importance  of  interference, 
which  is  ignored  in  the  current  fc'rnmlation  of  PPA.  Consider 
a final  state  with  only  two  channels,  e.g., 

IT  p ->  pX  (a) 

TT  p "*•  pY  (b) 

The  differential  cross  section  is: 


pion  diffraction 

TT  p ->  pA^ 

- pA^ 

PA3 

pA' 
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da  = (x)  + + 2M  (x)M,  (x)  cos  (0  -H  ) 

B.  D 3 D a h' 


where  (x) , j = a,  b,  is  the  amplitude  for  reaction  j to 
occur  at  position  x in  phase  space  (as  discussed  in  Appendix 
II,  X may  be  characterized  by  3N-  5 coordinates),  and 
0g  - is  the  phase  difference  between  the  two  amplitudes. 
If  the  product  of  M (x)M,  (x)  is  zero,  the  interference  terra 

3 O 

is  zero  regardless  of  the  phase  angle.  (Presently,  PPA 
arbitrarily  assumes  the  difference  to  be  11/2 . ) The  overlap 
matrix  indicates  the  degree  to  which  M (x)  and  M,  (x)  are 
simultaneously  non-zero  in  the  interference  term. 
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IV.  CROSS  SECTION 

The  total  cross  section  is ; 


pAQgfJl 

where : 

a is  the  cross  section 

A is  the  atomic  weight  of  H = 1.008  gm/mole 
p is  the  density  of  liquid  hydrogen  = 0.0594  + 

.001  gm/cm^ 

6 is  the  average  beam  tracks  per  picture 
f is  the  number  of  frames  in  the  experiment 
Z is  the  track  length  corrected  for  attenuation 
Aq  is  Avogadro's  number 

N is  the  number  of  events  found  by  the  scanners  and 
corrected  for  scanner  efficiency  and  missing  lov; 

I t [ elastics . 

Such  a calculation  [1]  yields  a total  cross  section  of 
26.21  + 1,0  mb.  As  this  is  in  agreement  with  a high  precision 
counter  experiment  [9],  the  results  liavc  been  normalized  to 
their  findings  and  suran\arized  in  Table  4. 

For  this  paper,  o/N  for  lour  prong  events  is  found  most 


simply  by; 
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^4p  _ 4 Prong  Cross  Section  _ 9.36  mb  _ « n rq  j.  nnnc  yt> 

Total  4 Prong  Events  " 56333  - * evints 

This  yields  as  the  cross  section: 

o(7r  p piT  ■ TT  71  ) = (0.165)  (6183)  = 1.02  + 0.03  mb 

where  the  error  quoted  is  purely  statistical.  In  additon, 
systematic  errors  (due  to  processing  biases  and  beam  contamina- 
tion) are  estim^ated  to  be  1.2%  [1]. 

The  6183  events  were  separated  into  their  channels  by 
the  prism  plot  as  described  in  the  previous  sections.  The 
resultant  cross  sections  are  given  in  Table  5.  In  general, 
these  results  compare  quite  favorably  with  published  data  as 
can  be  seen  in  the  same  table. 

However,  the  cross  section  for  the  pion  diffraction 
(Aj^  A'  production)  is  noticeably  lower  than  that  found 

in  12]  . Comparison  of  the  raw  (“'*’77  a ) invariant  mass  dis- 
tributions for  this  experiment  and  for  12]  shows  that  there 
are  relatively  fewer  events  in  the  A region  in  this  experiment. 

A possible  explanation  for  this  discrepancy  lies  in  the 
scanning  biases  described  in  Section  i:i  , which  v;ould  prefer- 
entially reject  e'/'ents  in  the  A region.  Another  source  of 
problems  may  be  GEC't\T,  as  explained  in  Appc-^ndix  I. 

It  is  interesting  to  cocpiare  the  cross  sect  ions  found 
in  this  analysis  for  the  di  f f racti  or-  dissociation  of  the  upper 
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and  lower  vertices,  to  those  found  in  a Tr''^p  experiment  as  the 
mechanisms  are  theoretically  independent  of  charge.  Such  a 
comparison  may  be  found  in  Table  6 . Within  two  standard 
! deviations,  and  considering  the  possible  biases  discussed 

above,  the  cross  sections  are  seen  to  be  independent  of  the 
charge  of  the  beam. 

i 


i 
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V.  DISTRIBUTIONS 


The  distributions  of  the  separated  samples  in  mass, 
decay  angles  and  t are  shown  as  follows: 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 


Channel 

~ , ++  — . 
TT  P -»■  (A  TT 

— ++  — — 

IT  p A TT  IT 

aO  0 

IT  p A p 

TT  p (piT  ) f ® 
n p pA^ 

T1  p ^ pA^ 

IT  p ■>  pA^ 

TT  P > pA' 
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Table  7 compares  the  slopes  for  ^ found  in  this 
analysis  with  those  found  in  other  works. 

The  (A  channel  appears  fo  indicate  the  presence 

of  N*  (1688)  . This  is  expected  as  l.);e  par^imetrization  of  the 
DD  channel  is  such  that  it  will  pick  up  any  low  mass  (pTr"*^??”) 
enhancement.  The  cos  e^j  of  the  DD  peaks  extremely  forward. 


r 
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in  agreenent  with  [3] . It  may  also  be  noted  that  the  striking 
similarity  between  this  distribution  and  that  of  ->■ 

f2]  lends  additional  credence  to  the  theory  that  the 
reaction  mechanism  for  this  channel  is  charge  independent. 

The  invariant  mass  of  the  (pir^)  in  reaction  2 has  a 
narrov/  width  and  appears  to  be  rather  clean  (Figure  9)  . This 
observation  and  the  small  asymmetry  in  cos  suggest  that 

contamination  from  other  channels  is  not  significant. 

Indications  from  the  mass  distribution  of  reactions  3 
and  4 imply  that,  in  addition  to  (1232),  higher  mass  isobars 
may  be  present  (Figures  12  and  15,  respectively).  The  restric- 
tion on  the  mass  of  the  (pir  ) in  the  Monte  Carlo  program  for 
channel  3 is  the  probable  cause  for  the  lower  cut-off  in  the 
(pir  ) mass  distribution  as  compared  to  that  of  channel  4 (see 
Appendix  II)  . V7hile  the  cos  'distributions  for  the  (pir”) 

in  both  channels  are  quite  similar,  the  cos  0^^.  appears  to  be 
peaked  more  forward  for  reaction  3 than  for  reaction  4 . This 
is  in  agreement,  with  the  results  published  .in  (3). 

The  A.^  invariant  mass  distribution  appears  to  be  quite 
broad,  as  expected.  The  (tt^tt  ) invariant  mass  shows  some 
contamination  from  a source,  presumably  another  A.  The 
cos  9„.,  distributions  are  in  excellent  agreement  with  ptiblished 
results  [3] . 

No  particular  comments  will  be  made  about  the  individual 
distributions  for  the  A^  and  A,,  a;,  overlap  and  interference 


22 


There  are  802  weighted  events  designated  as  A' . The 
cross  section  is  132  + 56  yb.  Before  continuing  the  discussion, 
however,  the  reader  is  reminded  that  the  events  designated  as 
A'  may  not  be  pure  (see  Section  V) . There  is  probably  con- 
tamination from  both  the  A^^  and  A2  channels. 

The  obvious  question  is  whether  or  not  the  events  tagged 
as  the  A'  are  events  originating  from  a single  particle  or  en- 
hancement, or  are  they  a conglomeration  of  independent  events 
whose  only  common  factor  is  a similar  phenomenological  occupa- 
tion of  phase  space.  To  classify  events,  one  usually  observes 
the  various  invariant  mass  combinations.  The  distributions  for 
events  tagged  as  A'  are  given  in  Figures  30  - 34,  There  only 

appears  to  be  a minute  percentage  of  events  present.  The 

- 0 - 0 

(piT  )p  and  (piT  )f  channels  are  ruled  out,  not  because  there 
is  no  indication  of  [primarily  present]  or  an  f^  [negligibly 
present],  but  because  the  mass  distribution  (pir”)  fails  to  indi- 
cate any  structure.  One  might  argue  that  a non-negligible  frac- 
tion of  DD  is  present  (6%) , bur  this  hardly  explains  the  data. 
Finally,  on  the  basis  of  their  3-  eff '■'active  mass  distribution, 
these  events  cannot  all  be  A.  , or  A.,  which  have  masses  lower 

i J 

than  that  found  for  the  A'.  Also,  the  A^  decays  into  f^TT"". 

If  we  suppose  that  the  e.’ents  c..te  a unique  combination 
of  many  channels,  then  v.e  might  expect  that  while  the  mass 
distributions  will  not  indicate  which  reaction  channel  the 

i 

1 

I 

I 


24 


events  originated  from,  the  decay  properties  might  demonstrate 
the  lack  of  cohesive  structure. 

The  first  property  observed  is  the  imposed  decay  mode, 

namely : 

IT  p pA' 

L pO.- 

L 

IT  IT 

This  condition  was  deemed  applicable  for  two  reasons: 

(1)  The  A’  orignally  appeared  in  the  A^  channel  which 
decays  via  mode. 

(2)  Prior  to  tagging  for  the  A',  a clear  signal 
was  obvious  in  the  untagged  events. 

We  note  that  the  signal  (Figure  31)  is  rather  pure. 

We  can  also  study  the  decay  angular  distributions.  As 
shown  in  literature  [10,11,  for  example] , the  spin  of  an  en- 
hancement may  be  obtained  from  the  angular  distributions  of  the 
outgoing  particles.  The  two  mere  common  reference  frames  in 
which  one  can  project  the  angular  distributions  are  the 
helicity  frame  (s  channel)  and  Jackson  frame  (t  channel) . The 
reaction  tt  p ->■  pA'  is  diagrarnirted  in  I’igure  35  with  the  angles 
in  the  reference  frames  defined  and  deducted. 

As  a first  order  approvi matic.n , if  one  goes  to  the 
Jackson  frame  (Figure  36),  the  highly  peaked  forward  and 
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backward  cos  e^j  distribution  suggest  a spin  on  the  order  of 
two  or  greater. 

While  the  Jackson  frame  is  usually  assumed  simplest 

for  peripheral  collisions,  the  helicity  distributions  are  of 

interest  for  other  reaction  mechanisms.  Figure  37  shows 

the  cos  and  distributions  for  the  A'  with  the 

similar  trend  toward  forward  and  backward  peaking. 

The  distributions  and  ■ "2  (Figures  37  and  39)  are 

dpt 

interesting  as  their  slopes  are  predicted  by  theories. 

Figures  38  and  40  compare  both  slopes  with  their  counterparts 
of  the  , A2  and  A^ . All  are  compatible  which  may  be  an 
indication  of  similar  reaction  mechanisms.  A striking  similar- 
ity among  the  three  is  the  sharp  decline  at  |t'|  < .02  GeV/c^ . 
This  may  indicate  not  only  a similar  mechanism,  but  also 

missing  events,  as  mentioned  previously.  Lastly,  the 

Cm  cm 

rapidity,  Feynman  x (where  x = Pi i/P  ‘ ) and  longitudinal 

m3X 

momentum  distr ibutions  are  given.  They  indicate  that  the  A' 
is  produced  forward,  as  expected  if  beam  diffraction  is  the 
process,  but  not  as  much  as  either  the  A^^  or  A2 . A check 
of  the  rapidity  of  the  individual  picns  reveals  that  this 
forwardness  is  not  so  great  as  bo  ri.i'e  out  all  but  the  lightest 
exchange  particle  (Figure  43).  Until  purification  is  achieved 
to  a higher  degree,  analysis  of  the  ri;.'>ctioii  mechanism  is 


difficult . 
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In  summary: 

(1)  A significant  number  of  events  survived  the 
iterative  process  of  PPA  as  the  A' . 

(2)  The  rather  pure  decay  mode  {p®T7  ) of  the  events 
so  tagged  suggests  that  independent  phase  space  events  cannot 
be  claimed  as  their  origin. 

(3)  There  are  indications  that  the  A'  has  a high  spin 

as  revealed  by  the  cos  and  cos  'distributions. 

(4)  There  is  a remarkable  similarity  in  the  slopes  of 

and  — between  the  A'  and  the  A,  , A_  and  A_  . 
dt  ^p^2  1 2 3 

The  A',  in  view  of  the  above,  is  an  enhancement  in  its 
own  right.  Credit  for  its  discovery  must  be  given  to  the 
ABBCCHW  collaboration,  however,  as  this  work  is  only  confirm- 
atory in  nature. 
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SUJIMARY  AND  CONCLUSIONS 
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It  has  been  shown  that  a Prism  Plot  Analysis  of  the 
reaction  tt  p pTr*’ tt  it  at  15  GeV/c  is  successful  and 

advantageous.  It  can  reveal  hidden  processes  when  used 
correctly.  The,  peripheral  nature  of  events  for  higher  energy 
reactions  makes  the  analysis  difficult  and  demands  the  use 
of  a varying  box  size. 

The  channel  appears  to  be  v\7ell  separated 

as  does  the  A^^tt  it  channel.  A A®  (1232),  along  with  indica- 
tions of  higher  mass  isobars,  appears  in  the  (pTT  )p*^  and 
(pn  )f^  channels.  The  A^  and  ^2  are  too  difficult  to  separate 
due  to  their  overlapping  kinematics  and  strongly  interfering 

( 


mechanisms . 

The  A'  has  been  found  to  have  a central  value  of  1738  + 

16  MeV  and  a v/idth  of  830  + 24  MeV.  Although  it  cannot  be  claimed 
that  the  A'  sample  is  pure  (i.e.,  free  from  contamination  from 
the  Aj^  and  A2)  it  is  clear  that  the  A'  decays  via  a mode, 
that  It  has  a spin  of  at  least  2,  and  may  have  a production 


mechanism  similar  to  that  of  the  ^2  and  A^.  The  cross 
section  of  132  + 56  yb  is  surprisingly  high  for  an  enhancement 
that  has  not  been  noticed  until  the  past  year.  Restricting 
the  A'  invariant  mass  may  be  necessary  in  future  use  of  PPA. 
but  a more  exact  separation  would  prob^ably  be  obtained  if  one 
used  the  total  Prism  Plot  results  for  pi  on  diffraction  as 
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input  to  an  analysis  technique  that  takes  interference  into 
account.  It  can  be  stated,  however,  that  the  existence  of  the 
A',  first  reported  by  the  ABBCCPIt7  collaboration,  is  now 
confirmed . 


IL 
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APPENDIX  I 

The  following  comments  are  pertinent  to  the  history  of 
the  data  reduction: 

A.  IPD:  The  prong  count  was  not  originally  listed, 
which  complicates  the  computation  of  scanner  efficiency.  As 

a consequence,  if  an  event  was  found  in  both  the  original  scan 
and  the  rescan,  the  prong  count  of  the  rescan  was  used  (as 
the  information  V7as  included  during  this  scan)  . Events  found 
in  the  original  scan  but  not  in  the  rescan  were  individually 
checked  by  either  checking  the  film  or  the  same  event  further 
along  in  the  reduction  stage. 

B.  GEOMAT:  Prior  to  computing  the  curvatures,  the 
program  was  originally  conceived  as  being  able  to  throw  out 
the  points  of  poorest  quality  (up  to  a maximum  of  three) . 
Unfortunately,  an  error  in  programming  caused  the  wrong  point 
to  be  deleted.  This  proved  to  have  some  effect  on  the  results 

i foi  4P  4C  Cv'ents,  but  the  degree  has  not  been  ascertained  as 

of  yet.  A total  of  10,329  four  prong  events  V7ere  run  through 

a corrected  GEOMAT  and  SQUAW  yielding  728  4P  4C  events  with 

2 —8 
X < 23.7,  corresponding  to  a confidence  level  of  10  . Within 

statistical  errors,  the  results  were  not  conclu.sive.  A second 

problem  in  GEOMAT  may  be  with  lespect  ' o stopping  protons. 

Analysis  of  the  effect  on  this  t'xpcr.i  ment  was  not  possible 


within  a reasonable  time  frame. 


However,  it  is  precisely  these 


events  - slow  proton  and  highly  correlated  forv/ard  pions  that 
would  enhance  the  region  of  phase  space  containing  the  , A2 , 
A^  and  A' . 

C.  SQUAW:  The  program  imposed  a confidence  level  of 

“ 8 

10  . Although  this  is  an  acceptable  practice,  the  data  should 

be  checked  for  distortions  due  to  this  cut.  Fifty  percent  of 

Experiment  13  was  run  through  SQUAW  again  with  a confidence 

level  cut  of  10  No  significant  biases  were  noted  in  the 

data  as  seen  in  Figures  44  - 50.  The  confidence  level  of 
-S 

10  was,  therefore,  retained. 

D.  Experiment  7 distinguished  between  a proton  and  a 
with  momentum  below  1.0  GeV/c  on  the  basis  of  an  ionization 

scan  performed  by  hand.  Experiment  13  discriminates  on  the 
lacunarity  as  measured  by  PEPR. 

E.  Experiment  7 and  Experiment  13  appear  to  have 
similar  raw  data  (indicating  no  imposed  biases)  except  for  the 
three  pion  invariant  mass  distributions  (see  Figure  50) . While 
both  experiments  have  approximc.teiy  48%  of  the  data  below 

2 GeV,  Experim.ent  7 has  29%  below  1.4  GeV  while  Experiment  13 
has  only  25%  below  this  level.  Kinematic  and  angular  distribu- 
tions fail  to  indicate  a reason  for  this  difference,  and  a 
review  of  the  history  of  the  analysis  r.hov;s  no  obviovjs  error. 
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APPENDIX  II 
PRISM  PLOT 


A.  VARIABLES:  For  N particles  to  be  fully  described 

kinematically,  it  is  necessary  to  have  4N  independent 

variables.  If  the  masses  of  the  particles  are  known,  this 

2 2 2 

reduces  to  3N  variables  as  E - P = M where  E is  energy,  P 
is  momentum  and  M is  mass.  Conservation  of  energy,  conserva- 
tion of  momentum  and,  for  an  unpolarized  beam  and  target,  an 
isotropic  azimuthal  angle  dependency,  reduce  this  number  to 
3N  - 5 variables.  Prism  Plot  Analysis  involves  looking  at  all 
3N  - 5 variables  simultaneously,  unlike  other  techniques  which 
consider  the  projections  of  only  a few  variables. 

For  this  analysis,  the  variables  chosen  were: 


T T 

X,  = P - + P - 
i 1^2 


X.  = i f3  pI  - P\  - P^  - P^  ] 
2 4 P 'iT  71 J 7T- 


X,=^f3T  -T+-T  -T  ] 

3 4 p It  irj  TT^ 


X.  = /}■  r2  p^+  - T - p^_] 
4 8 TT  IT"  -ir-' 


Xj.  = /i  [2  T + - T _ - T 
5 8 ^ 3 ^2 
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where 

L th 

P^’  is  the  longitudinal  momentum  of  the  i^  particle 

in  the  CM 

T . th 

IS  the  transverse  momentum  of  the  i particle  in 

the  CM 

t h 

is  the  kinetic  energy  of  the  i particle  in  the  CM 
and  and  have  been  subscripted  to  differentiate  between 
the  two  TT  particles. 

B.  PROCEDURE: 

(1)  The  3N  - 5 prism  plot  coordinates  for  each  event 
are  calculated  and  scaled  so  as  to  span  from  0 to  2000. 

(2)  The  important  channels  arc  "guessed". 

(3)  The  initial  angular  Ji  st^ibut.i ons  (production  angle 

and  decay  angles  cos  9„,  and  presumed  to  be  isotropic. 

A reasonable  mass  shape  is  also  initially  presumed. 

(4)  Using  the  distribut ions  from  (3)  as  input,  Monte 
Carlo  events  arc  created  and  tlieir  pj  .1  sm  plot  coordinates  arc 
calcul ated . 

(5)  A "box"  around  each  Monte  Carlo  event  is  constructed. 
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That  is,  about  each  coordinate,  a tolerance  is  given.  Mathe- 
matically, about  a point  described  by  (a,  a_  a-  a.  a^.  a,  a_) 
the  tolerance  used  is  ^3  i ^4  i *5 » ^5  + <5 » 

+ 6,  a.^  + 6)  . Any  real  event  lying  within  this  box  is 
flagged  and  that  real  event  is  now  referred  to  as  a tagged 
event. 

(6)  A weight  is  assigned  to  each  real  event  for  each 
reaction  channel  "j".  This  is  the  probability  that  the  real 
event  belongs  to  that  channel  and  is  calculated  as: 

Vj  = ^u^ber  of  hits  from  Monte  Carlo  events  for  channel  j 
j total  number  of  hits  from  all  Monte  Carlo  events 

(7)  The  relative  total  fraction  of  events  belonging 
to  each  channel  j is  calculated  as  the  sum  over  all  events  of 

W.  . 

3 

(8)  Nev,’  mass  and  angular  distributions  are  calculated 
and  plotted  using  as  a weighting  factor.  These  distribu- 
tions are  used  as  input  to  step  (4). 

(9)  This  process  continues  until  the  relative  total 
fractions  of  (7)  are  the  same  for  several  iterations.  A 
state  of  "stabilization"  is  said  to  ricv;  exist. 

C.  SIGNItICANCE  OF  THE  BOX  S.1  tE  113]:  The  box  size 
(that  is,  the  tolerance  describe(.  in  i.lie  section  on  Procedure) 
has  the  effect  of  expanding  the  3 Ini  Is  placed  on  distributions, 
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and  therefore  affects  the  resolution  of  the  separation.  This 
is  especially  evident  for  the  mass  distributions.  For  clarity 
of  understanding,  the  3 pion  effective  mass  (i.e.,  A2, 

and  A')  will  be  explored: 

Consider  the  following  variables: 

* th 

is  the  center  of  mass  energy  of  the  i particle 

* th 

is  the  center  of  mass  four  vector  of  the  i particle 

is  the  mass  of  the  i^^  particle 
Abox  is  the  box  size  used 


In  terms  of  these  variables. 


m; 

3Tr 


* * * 2 

(P  + + P-  + P-) 

TT  TT  1:2 


* *7 

^^total  “ ^P^ 


*9  *9  * * 

p,.  0-  T+P  -2E.  .,E 

total  p total  p 


s + - 2/s’  E* 

P P 


Differentiating : 


2M,  6M- 

Itt  3it 


= - 2 /i“  5E 


/s'  6E. 


M 


3Tr 


M 


3 IT 


6M2^  represents  the  incremental  addition  to  the  mass  expressed 
in  terms  of  5Ep*  - the  incremental  center  of  mass  prism  plot 
energy.  In  the  present  analysis; 


and  substitution  yields: 


, _ - /i~  Abox 

3it  m:;  (2.147) 

Jir 


As  a concrete  example  of  how  resolution  is  affected,  we 
shall  consider  the 


= 5400  MeV 


= 1310  MeV 


"2 

Abox 


= 100  [5%  of  the  energy  range] 
„ 5400  • 100  _ 


I«3.l  ' DTTTZ.-IW  = 


Thus,  a real  event  whose  3ti  effective  mass  is  nearly  200  MeV 
away  from  a Monte  Carlo  event  could  still  be  tagged  (depending 
on  the  other  variables).  Utilizing  a varying  box  technique, 
one  is  able  to  start  with  a small  box  (thus,  limiting  the 
value  of  6) . After  all  possible  events  have  been  tagged,  the 
larger  box  may  be  used  on  the  remaining  untagged  events. 
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D.  PARAMETRIZATION  OF  CHANNELS:  Initially,  the 
analysis  began  with  the  following  parameters : 


Channel  Resonance  Parametrization 


TT  p ->■  Phase  Space 

isotropic 

DD  fixed  [13] 

f 

BW  (1232  MeV)  T 

= 120  MeV 

■* 

G ( 1100  MeV)  r 

= 300  MeV 

L 0 - 

p ir 

L + “ 

TT  TT 

* PA, 

G (1310  MeV)  r = 

100  MeV 

L 0 - 

P IT 

1 

BW  (770  MeV)  r = 

150  MeV 

L “ 

IT  TT 

; 

->  pA 

G (1640  MeV)  r = 

120  MeV 

r~ 

-Hi 

O 

1 

BW  (1270  MeV)  r 

= 150  MeV 

L + - 

H"  IT  H 

-*■  / 

.0  0 
^ p 

BW  (770  MeV)  T = 

150  MeV 

L + “ 

Tf  TT 

BW  ( 1232  MeV)  F 

=120  MeV 

U-  ptT 

Box  size  = 10%  spanned  space 
= 200 

BW  = Breit  Weigner 

G = Gaussian 

After  five  iterations,  it  became  obvious  that  several 
channels  were  missing  and  that  the  box  size  needed  to  be 


L 


reduced . 
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The  pTi^TT  effective  mass  spectrum  of  the  proton 
diffraction  dissociation  channel  was  given  an  extended  tail 
and  the  following  channels  were  added: 


Channel 

Resonance  Parametrization 

(PTi~) 

1 

(piT~)  floated 

L “ 

^ ir  IT 

BW  (770  MeV)  r = 

= 150  MeV 

(Pit“)  f ° 

1 

(pir  ) floated 

L ~ 

l-*-  TT  IT 

BW  (1270  MeV)  T 

= 150  MeV 

A ir  ir 

BW  (1232  MeV)  F 

=120  MeV 

1 + 
piT 

Box  size  = 5.5%  spanned  space 
= 110 

The  terra  "floating"  means  that  the  mass  distribution 
from  one  iteration  is  used  as  input  to  the  next  iteration,  in 
contrast  to  using  a fixed  shape,  e.g.  a Breit  Weigner. 

After  ten  iterations,  the  following  observations  were 

made : 

(1)  Phase  space  can  be  thought  of  as  a separate  channel 
whose  weight  can  be  calculated  just  as  the  other  channels' 
probabilities  are,  or  it  may  be  considered  as  all  events  not 
tagged  by  any  reaction  channel.  The  former  method  entails 
increasing  the  box  size  until  all  events  are  tagged  by  either 
a reaction  channel  or  phase  space,  which  has  the  severe 
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disadvantage  of  reducing  resolution  and  increasing  the  amount  j 

by  which  the  separated  channels  are  mixed  as  discussed  in 
the  previous  section.  The  second  method  is,  therefore, 

deemed  more  appropriate  for  highly  peripheral  reactions.  | 

Initially,  phase  space  was  considered  as  a separate  channel.  | 

Pursuant  to  evidence  of  a great  deal  of  overlap,  the  second  ' 

concept  was  chosen  and  the  progreuns  so  modified.  In  addition, 
programming  flexibility  was  added.  The  box  size  could  now 

be  altered  from  iteration  to  iteration.  ! 

(2)  The  separated  contained  many  fewer  events  than 
found  in  similar  experiments  [3,14].  In  addition,  the  ; 

separated  A^  appeared  to  be  contaminated  by  events  from  other 
channels.  A phase  shift  analysis  [8]  has  shown  that  the  A^^ 
is  not  gaussian  in  shape.  The  report  by  the  ABBCCHW  collabora- 
tion [2,3]  of  a new  enhancement  at  1800  GeV  also  suggested 
that  further  modifications  should  be  made.  It  was,  therefore, 
decided  that  the  A^^  and  A^  invariant  mass  distributions  would 
be  allowed  to  float  (as  explained  above)  and  the  Monte  Carlo 
widths  of  known  resonances  (A2A^p^f were  decreased  to 
account  for  PPA  incremental  increases  (i.e.,  resolution 
problems)  as  explained  in  Section  C of  this  Appendix.  This 
resulted  in  the  A^^  channel  picking  up  a second  peak  as  shown 
in  Figure  27.  Consequently,  the  A^  was  parameterized  as  in 
[8]  and  the  A'  was  allowed  to  float  until  it  appeared  to  be 
peaking  in  the  A^^  region.  It  was  then  parameterized  as  a 

! 

I 

i 

J 
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gausslan  with  a central  mass  of  1660  MeV  and  a width  of 
800  MeV. 

(3)  The  channel  (pr  )p®  gave  a strong  indication  (in 
its  Sn  invariant  mass  distribution)  that  the  events  so  tagged 
belonged  to  other  channels.  It  was  therefore  dropped. 

(4)  It  was  during  the  exploration  of  the  A'  that  a 
more  powerful  varying  box  technique  was  developed  in  which 
the  box  size  is  changed  not  from  iteration  to  iteration,  but 
within  a single  iteration.  Events  are  initially  tagged 
utilizing  a small  box  (2%  of  the  range  of  the  3N  - 5 variables) . 
Having  tagged  all  possible  events,  one  now  increases  the  box 

size  and  looks  at  the  remaining  untagged  events.  This  pro- 
cedure was  repeated  four  times,  until  the  box  spanned  10%  of 
the  range  of  each  variable.  The  reason  for  the  emphasis  on 
box  size  and  on  mass  widths  is  that  as  the  s value  of  an 
experiment  increases,  the  reactions  tend  to  become  more  and 
more  peripheral  [15]  . The  more  localized  at  the  kinematic 
boundaries  the  reactions  become,  the  more  difficult  it  becomes 
to  separate  channels  with  a single  box.  This  dilemma  can  be 
solved  by  two  means.  One  can  increase  the  number  of  Monte 
Carlo  events  in  an  attempt  to  fill  up  the  space  in  which  a 
reaction  channel  occurs,  allowing  the  use  of  a smaller  box  and 
yielding  a more  reliable  probability  for  an  event  "i"  to 
belong  to  reaction  channel  "j".  The  second  solution  is  to 


make  several  passes  in  each  iteration  through  the  tagging 
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process  with  increasing  box  sizes,  as  previously  mentioned, 
each  time  considering  only  those  events  which  are  untagged 
by  the  smaller  box.  The  limiting  and  deciding  factor  is 
computer  time . 

The  final  parameterizations  used  are: 

Channel  Parametrization 


TT  p ^ 


L 


A p 


pTT 

L -- 

^ 7r  IT 


Pit 


pA 


L'  0 - 

^ p TT 

L 


+ - 

TT  TT 


pA, 


L 0- 

p TT 

L 

TT  TT 
pA 

L ,0  - 
L ■ 

*-»-  TT  TT 

pA' 

L p“ii‘ 

L 

TT  IT 

(pTT  ) f ® 


++  - - 

A TT  TT 


I 


Pti 


DD  fixed  [11] 
BW  (1232  MeV) 
BW  (770  MeV) 
BW  (1232  MeV) 

Aj^  fixed  [8] 
BW  (770  MeV) 

G (1310  MeV) 
BW  (770  MeV) 

A^  floated 
BW  (1270  MeV) 

G (1660  MeV) 
BW  (770  MeV) 

(pTT  ) floated 
BW  (1270  MeV) 
BW  (1232  MeV) 


see  Table  8 
r = 120  MeV 
r = 150  MeV 
r = 120  MeV 

see  Table  9 
r = 150  MeV 

r = 60  MeV 
r = 150  MeV 

r = 100  MeV 

r = 800  MeV 
r = 100  MeV 

r = 100  MeV 
r = 120  MeV 


A 
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Using  the  varying  box  technique,  the  size  of  the  box  was 
varied  from  2.5%  to  10%  of  the  spanned  space  (i.e.,  50,  100, 
150,  200) . 

Figure  52  illustrates  the  chronology  of  the  Prism  Plot 
parametrizations  and  results  in  this  experiment. 
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APPENDIX  III 
THE  OVERLAP  MATRIX  [2] 


A means  is  desired  by  which  one  can  estimate  the  purity 
of  separation  of  a particular  reaction  channel.  The  overlap 
inatrix  has  been  formulated  for  this  reason: 


E 

k=l 


(1 


+ 


) 


where  the  index  k runs  through  all  events  N.  having  0, 

k 

where  w^  is  the  weight  (probability)  that  event  k belongs  to 
reaction  channel  i. 

If  all  events  k have  w^  = 1 , then: 


N. 

1 

E 

k=l 


(1 


0 


This  zero  value  conveys  the  meaning  of  a pure  sample. 

If  all  events  k have  all  weights  equal  for  the  ten 

Ir 

channels,  w^^  = 1/10  = 0.1. 


E 

k=l 


[1 


0.1  - O.lL  _ 
0.1  + 0.1  ^ N. 


N. 

1 

E 

k=l 


1 


In  summary. 


indicates  the  degree  of  overlap  by 


means  of  a scale  on  which  0.0  is  a pure  sample  and  1.00  is 
an  entirely  mixed  sample.  This  mixing  also  indicates  the 
maximum  degree  to  v/hich  interference  may  take  place,  it 
conveys  the  degree  to  which  the  product  M M,  in  the  expression 

d iJ 

2 Mj^  cos  (0^  - 6j^)  is  not  zero.  Section  III  discusses  the 
meaning  of  this  term  in  greater  detail. 
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TABLE  1 


Approximate  Time  Schedule  for  the 
Reduction  of  Data 


SLAC  Run 


PEPR 

GEOMAT 

and 

SQUAW 


Experiment  7 


Oct.  1970 
June  1971 


Oct.  1971 


June  1975 


Experiment  13 


Mid  1972 


Sept.  1972 
Feb.  1973 


Aug.  1975 


Overlap  Matrix  OV^j  (see  Appendix  III)  Indicating  the 
Overlap  in  Phase  Space  between  Channels  i and  j , Normalized  to  the 
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TABLE  3 

Overlap  Matrix  OV^j  {see  Appendix  III) 
Indicating  the  Overlap  in  Phase  Space  Between 
the  Quasi  Channels  i and  j , Normalized 
to  the  Total  Number  of  Events  in  Channel  i 


Channel  Proton  Pion  Reggeon 

j Diffraction  Diffraction  Exchange 


^ J 
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TABLE  4 

Topological  Cross  Sections 
a (mb) 


2 Prongs 


4 Prongs 


6 Prongs 


8 or  More 
Prongs 


Total 
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Prism  Plot  Analysis 
Longituciinal  Phase  Space  Analysis 
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TABLE  6 

Comparison  of  Diffraction  Cross  Sections 
with  Results  from  a ir^p  Experiment 
at  16  GeV/c 


+ + * 

This  Experiment  ir  p ->  pir  it  ir 


Channel 

a (yb) 

* 

a (yb) 

method** 

" >DD 

284 

+ 

5 

266  + 19 

PPA 

(A^  Aj) 

270 

+ 

6 

426  + 16 

PPA 

^3 

82 

+ 

3 

71  + 11 

PPA 

A' 

, 132 

+ 

4 

93 

PPA 

(All  A) 

485 

+ 

8 

590  + 29 

PPA 

* Errors  quoted  are  statistical  only. 

**  fPA  = Prism  Plot  Analysis 
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TABLE  7 

Comparison  of  , of  the  A^^,  A21  A^ 
for  this  Experiment  with  those  of  Published  Works 


Channel  This  Experiment  Published  Works 

Slope  P (beam)  Type  Ref. 

(GeV/c)  Beam 


^1 

9.65 

+ .41 

9.6 

+ 

.4 

16 

+ 

TT 

8 

10.4 

+ 

.3 

16 

+ 

IT 

2 

10.3 

+ 

.9 

13 

ir" 

16 

13.0 

+ 

1.4 

20 

IT 

16 

10.6 

+ 

1.2 

11 

1T~ 

17 

A, 

8.12 

+ .48 

7 .3 

+ 

1.0 

13 

it" 

16 

2 

7.4 

+ 

0.9 

20 

TT~ 

16 

5.8 

+ 

1.1 

11 

it” 

17 

A, 

6.35 

+ .45 

6.2 

+ 

.4 

16 

+ 

TT 

8 

3 

6.6 

+ 

.4 

16 

+ 

TT 

2 

7.7 

+ 

.8 

16 

+ 

IT 

18 
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TABLE  8 

Histogram  Values  used  as  Input  to  the 
Monte  Carlo  Program  for  the  Reaction 
Tr“p  (p7r‘*’TT“) 


Value  of 
the  Lower 
Bin  Edge 
(MeV) 


No.  of 
Events* 


Value  of 
the  Lower 
Bin  Edge 
(MeV) 


No . of 
Events* 


1280. 

1.10 

2480. 

2.50 

1320. 

3.60 

2520. 

2.25 

1360. 

9.50 

2560. 

2.00 

1400. 

12.90 

2600. 

1.50 

1440. 

12.20 

2640. 

1.44 

1480. 

13.40 

2680. 

1.38 

1520. 

16.89 

2720. 

1.32 

1560. 

17.79 

2760. 

1.26 

1600 

18.79 

2800. 

1.20 

1640. 

21.59 

2840. 

1.14 

1680. 

24.29 

2880. 

1.08 

1720. 

23.29 

2920. 

1.02 

1760. 

12.00 

2960. 

0.96 

1800. 

10.30 

3000. 

0.90 

1840. 

12.80 

3040. 

0.84 

1880. 

9.50 

3080. 

0.78 

1920. 

8.60 

3120. 

0.72 

1960. 

5.50 

3160. 

0.66 

2000. 

5.50 

3200. 

0.60 

2040. 

5.25 

3240. 

0.54 

2080. 

5.00 

3280. 

0.48 

2120. 

4.75 

3320. 

0.42 

2160. 

4.50 

3360. 

0.36 

2200. 

4.25 

3400. 

0.30 

2240. 

4.00 

3440. 

0.24 

2280. 

3.75 

3480. 

0.18 

2320. 

3.50 

3520. 

0.12 

2360. 

3.25 

3560. 

0.06 

2400. 

3.00 

3600. 

2440. 

2.75 

The  program 

renormalizes 

the  distribution  to  the 

sum  of 

the  bin  values. 
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TABLE  9 

Histogram  Values  used  as  Input  to  the 
Monte  Carlo  Program  for  the  Reaction 
Tr'’p  ->  pA^ 


Value  of 
the  Lower 

Bin  Edge 
(MeV)  ' 

No.  of 
Events 

800. 

7.5 

90  0. 

6.5 

1000. 

12.0 

1100. 

14.5 

1200. 

13.0 

1300. 

7.5 

1400. 

3.7 

1500. 

2.4 

,1600. 

2.6 

1700. 

1.8 

1800. 

2.0 

1900. 

1.5 

2000. 

The  program  renormali the 
distribution  to  the  sum  of  the 
bin  values. 
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FIGURE  CAPTIONS 


1.  Plan  view  of  the  beam  line  serving  the  SLAG  82-inch  chamber. 

2.  Sketch  of  the  82-inch  chamber. 

3.  Flow  chart  for  the  data  scanning,  measuring  and  reduction 
chain . 

4.  Comparison  of  the  invariant  mass  of  the  (pir^)  for  the 

— ++  — - — + ^ 

channels  tt  p > (A  ti  (left)  and  ir  p (p-rr  ir  )QQ'n' 

(right) . 

The  folloi/ing  figures  are  for  the  combined  reactions 

— f ^ 

TT  P -»•  (A  A and  it  p (pri  n n ) 

5.  Invariant  mass  cf  the 

a.  (piT  TT  ;■ 

b.  (ptt”^) 

6.  a.  Cosine  of  the  Gottfried  Jackson  angle 
b.  The  Treiman  Yang  angle 

clo^  “b  I b I 

7.  3-77  versus  t the  solid  line  is  a fit  to  Ae  ' ' over  the 

dt 

interval 

.02  < jti  < .24  GovVc^ 

The  following  figures  are  for  the  reaction  n p -»■  A it  it 

8.  Invariant  mass  of  the  (pir^) 

9.  a.  Cosine  of  the  Gottfried  Jacfc ’.on  angle 


1 


i 


b.  The  Treiman  Yang  angle 
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do 

10.  jT-  versus  t. 
at 

interval 


The  solid  line  is  a fit  to  Ae 


.02  < |tl  < .24  GeV^/c^ 


over  the 


0 0 


11, 


12, 


13, 


The  following  figures  are  for  the  reaction  u p ->  A p 
Invariant  mass  of  the : 

0 


a.  (pn")  for  the  A 

b.  ) for  the  p® 


Cosine  of  the  Gottfried  Jackson  angle 

a . 

b. 

The  Txeiman  Yang  angle 

c. 

d. 

versus  t 

versus  t’.  The  solid  l-ine  is  a fit  to  Ae 
over  the  interval 

.02  |t'!  .40  GeV^/c^ 


(A°) 

(P°) 


(A°) 

CP^) 


a. 

b. 


do 

dt 

da 

dt 


~b|f| 


The  following  iigares  are  for  the  reaction  tt  p ->-  (pr  ) f ^ 

14.  Invariant  mass  of  the 

a.  (pTT  ) for  the  baryonic  enhancement 

-}•  - 0 

b.  (TT  Ti  ) for  the  f 

15.  Cosine  ot  the  Gottfried  Jackson  angle 

a.  (pTi  ) 


b. 
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The  Treiman  Yang  angle 


16. 


a. 

b. 


c . 

d, 


(P^  ) 
(p  ) 


dP 

dt 

da 


versus  t 


- versus  t'.  The  solid  line  is  a fit  to  Ae 


dt 

over  the  interval 


.02  < jt' 


-b|t'  I 


,40  GeV^/c^ 


17. 


The  follov;ing  figuias  are  for  the  reaction  it  p ->  pA^^ 
Invariant  mass  cf  the 


a.  (ir"*"-;:  it  ) 

b.  ) in  the 

18.  a.  Cosine  of  the  Gottfried  Jackson  angle 
b.  The  Trerman  Yang  angle 

d " -bit' 

19.  'versus  t'.  The  solid  line  is  a fit  to  Ae  ''  ' 
at ' 

over  the  interval 

.02  < It' 1 < .40  GeV^/c^ 


The  following  figures  are  fc  r the  reaction  up-*-  pA2 

20.  Invariant  irass  of  the 

a.  (Tr''’7r  it  ) 

4 - 0 

b.  (tt  -r  ) in  the  p 

21.  a.  Cosine  of  the  Gottfried  Jackscn  angle 
b.  The  Treiman  Yang  angle 

22.  -^r  versus  t' . The  solid  line  is  a fit  to  Ae  ^ 

dt ' 
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over  the  interval 

• 02  1 1 ' I < .40  GeV^/c^ 

23.  Combined  invariant  masses  for  tt  p ->  and  ir  p ->■  pA^ 

, + — — . 

a.  (it  ■n-  TT  ) 

b.  (iT^TT  ) in  the  p® 

The  following  figures  are  for  the  reaction  it  p -»■  pA^ 

24.  Invariant  r.iass  of  the 

a . ( Tr'^-n  tt  ) 

b.  5n  the  f^ 

25.  a.  Cosine  of  the  Gottfried  Jackson  angle 
b.  The  Treiman  Yang  angle 

26.  versus  t'.  The  solid  line  is  a fit  to  Ae  I 

at 

over  the  interval 

.02  < |t'!  < .40  GeV^/c^ 

27.  Comparison  of  the  invariant  mass  of  the  (tt''^77  tt  ) for  the 
A^  (before  the  A'  channe]  was  considered)  when  the  A^^ 
was  parameterized  as  a 

a.  Gaussian  distribution 

b.  Floating  distribution 

The  followina  figures  are  for  1 he  reaction  tt  p ->  p.A' 

28.  Invariant  mass  of  the  {TT''^7r  li  ) 


59 


29. 

Invariant 

mass 

of 

the  (Tr"''7i  ) 

in 

the 

0 

P 

U) 

0 

• 

Invariant 

mass 

of 

the 

a . 

+ 

p?i 

b. 

P‘‘~ 

31. 

Invariant 

mass 

of 

the 

a . 

) not 

in 

the 

0 

P 

b . 

(m  r ) 

32. 

Invariant 

mass 

01 

the 

+ - 

a . pTT  7T 

b.  p'lT  •T 


33.  Schematic  depicting  the  cosine  and  (p  angles  in  the 

a.  Helicity  reference  frame 

b.  Jackson  reference  frame 


34  . 

a • 

Cosine  of  the  Gottfried  Jackson 

angle 

. 

The  Treiman  Yang  angle 

35. 

a . 

Cosine  of  the  helicity  angle  (cos 

b. 

The  6,,  , distribution 

Hel 

36. 

da 
dt ' 

versus  t'.  The  solid  line  is  a 

fit  to  Ae 

over  the  interval 

.02  < jt' i < .40  GoV^/c^ 

37.  Compariscn  of  versus  t*  for  the  A.^ , A2  / A^  and  A*. 

38.  versus  transverse  momentum  squared  [Pt^] . The  solid 
dpt 

line  is  a fit  to  Ae  ' over  I he  interval 

,02  £ Pt^  < .32  GcV^/c^ 
d u ? 

39.  Comparison  of ^ versus  Pt  for  the  A^ , A^  and  A' 

dpt^" 
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40.  a.  Rapidity 
b . Feynman  x 

41.  Longitudinal  Momentum 

42.  a.  Rapidity  of  the  Tr'*’  of  the  A' 
b.  Rapidity  of  the  it  of  the  A' 


The  following  figures  compare  the  entire  sample ' s invariant 
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